dairy cows was conducted with the aim to investigate changes in the microbial panorama 23 compared to a previous study performed 1994-1995. Another aim was to investigate some 24 agent-specific environmental and individual risk factors. Milk samples were collected from 25 987 udder quarter cases from 829 cows during six 2-month periods from May 2002 to April 26 2003, and data on risk factors and demography were collected at sampling by means of a 27 questionnaire. In total, 1056 bacteriological diagnoses were made. The most frequently 28 isolated bacterial species was Staphylococcus aureus constituting 21.3% of the diagnoses, 29
followed by Escherichia coli (15.9%), Streptococcus dysgalactiae (15.6%), Streptococcus 30 uberis (11.1%), coagulase-negative staphylococci (6.2%), Arcanobacterium pyogenes (6.1%) 31
and Klebsiella spp. (4.2%). Samples with no growth or contamination constituted 10.6% and 32 4.5% of the diagnoses, respectively. A major shift in the panorama of udder pathogens was 33 not observed compared to the survey in 1994-1995. Isolation of Klebsiella spp. was strongly 34 associated with the use of sawdust as bedding material. On the other hand, using sawdust as 35 bedding reduced the risk of isolating S. uberis relative to using straw or peat. The risk of 36 isolating E. coli increased with increasing milk yield and was higher in loose housing systems 37 than in tie stalls. Isolation of S. aureus was associated with tie stalls, and A. pyogenes with 38 low yielding cows and teat lesions. S. dysgalactiae infections were also associated with teat 39
lesions. 40 41
Key words: bovine mastitis, microbial aetiology, risk factors 42 43 M a n u s c r i p t 6 types were isolated from one milk sample and growth of a major udder pathogen was not 119 identified. If moderate to high growth of a major udder pathogen was found in combination 120 with a few CFU of several contaminating species the sample would be diagnosed as positive 121 for growth of the major udder pathogen. 122 123
Statistical analysis 124
Culture results and questionnaire data were registered in a database (Microsoft®Access, 125 Microsoft Corp.). For risk factor analyses, contaminated samples (n=48) and samples with no 126 growth (n=112) were excluded, as were samples lacking herd identity (n=14). Duplicate 127 records on cows that were infected with the same agent on more than one teat were also 128 excluded (n=45). The resulting data set consisted of 837 unique isolates from 814 udder 129 quarters in 734 cows and 571 herds. Information on daily milk yield and days in milk (DIM) 130 was only available for 455 and 702 cows, respectively. Quarter-level data was summarised at 131 the cow-level, creating a 2-level dataset with 734 records. Four variables describing quarter 132 level features were generated in this manner; teat lesion (on any teat), number of quarters 133 infected in total, number of quarters with agent in question, and number of diagnoses per 134 quarter. Descriptive statistics of all herd variables, including year and season, and cow 135 variables is given in Tables 1 and 2 , respectively. The variables housing and bedding were 136 coded in two different ways to emphasise different aspects of the risk factors (e.g. different 137
types of tie stalls versus loose housing) and at the same time avoiding to produce covariate 138 groups with too few observations. 139
140
The odds of a certain agent being isolated from a case of clinical mastitis given the 141 presence/absence of different risk factors was estimated using logistic regression. We 142 accounted for repeated observations within herd by applying the cluster option in Stata, inM a n u s c r i p t 7 order to obtain robust variance estimates. However, the potential effect of clustering was 144 limited (average number of cows sampled per herd = 1.28 Tables 3 and 4 . Whenever variables with substantial amount of missing data (DIM and daily 160 milk yield, n=454 with daily milk yield in the model and n=444 with both variables included) 161 were significant in the univariate analyses, the analysis was first run with these variables 162 included. If they were not significant, the model was reassessed without including them. 163
There were also 2 missing observations for the variables Housing 1 and 2; consequently only 164 732 records were included for agents where they were considered in the initial model. All 165 two-way interactions between candidate predictors were included in the initial multivariable 166 models and tested for significance. Non-significant (p > 0.05, likelihood ratio test) variables 167 were eliminated in the multivariable analysis using a stepwise backward procedure. Model fitM a n u s c r i p t 8 was assessed using the Hosmer-Lemeshow goodness-of-fit-test. All analyses were performed 169 using the statistical software Stata, version 8 (StataCorp, College Station, TX, USA). 170 171
Results 172

Distribution of udder pathogens 173
In total, 987 udder quarter cases from 829 cows were sampled. At least one microbial species 174 supposedly associated with the case of mastitis was isolated from 827 (84%) of the quarter 175 samples. One species was isolated from 761 (92%) of those samples, two species were 176 isolated from 63 (8%) samples, and three species were isolated from 3 (<1%) samples. The 177 distribution of microbial diagnoses is shown in 
Associations between prevalence of udder pathogens, and herd and individual risk 189 factors 190
The study population consisted of cows with acute clinical mastitis and risk factors must 191 therefore be interpreted accordingly. A significant risk factor does not suggest that there is a 192 higher risk of contracting mastitis. Rather, the risk factor is associated with a higher udder quarters. The risk of isolating E. coli was lower in short tie stalls than in loose housing, 204 and higher in cows with high milk yield. The probability of isolating E. coli was also 205 relatively lower in cases with teat lesions. Klebsiella spp. was strongly correlated with the use 206 of sawdust as bedding material. The probability of finding Klebsiella spp was four times 207 higher when sawdust was used as bedding compared to straw or peat. A. pyogenes was 208 associated with low milk yield, and both A. pyogenes and S. dysgalactiae were associated 209 with teat lesions. S. uberis was more common during early compared to late housing season. 210
Using sawdust as bedding reduced the risk of isolating S. uberis relative to using straw or 211 peat. The likelihood of isolating S. uberis (rather than any other pathogen) was higher in 212
Holstein cows. In all infections, except Klebsiella spp., there was a strong likelihood of 213 diagnosing more than one infection at the same time. 214 215
Discussion 216
To get reliable data on microbial aetiology in mastitis, representative surveys must be 217 performed. Since the cases of mastitis in the present study were sampled under strict inclusionM a n u s c r i p t The proportion of S. uberis tended to be lower compared to the investigation in [1994] [1995] 270 and this type of infection was not associated with housing system. A higher incidence of S. 271 uberis in cows in tie stalls than in cows in free stalls was, however, found by Olde Riekerink 272 et al. (2008) . In the present study, isolation of S. uberis was less common in cases where cows 273 were bedded on sawdust compared to if straw was used. Sawdust was, however, strongly 274 associated with isolation of Klebsiella spp., which is in line with other studies ( M a n u s c r i p t 
